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SUBJECT: Longstree t Lake Dam, MO 30832, 'hasc I lnspec r ion Report

This report presents tle results of field inspect ion and evaluation of the
Longstreet Lake Dam (MO 30832):

It was prepared under the National Program of Inspect )n of Non-Federal Dams.

This dam has been classified as unsafe, non-emergency by the St. Lot is
District as a result of the application of the followingP Criteria:

I) Spillway will not pass ,0 percent of the Probable Maximum Flood

without overtopping the dam.

2) Overtopping of the dam could reisult in failoire of the dam.

3) Dam fa;lure significantlv incrk.-ases the ha-iqnr, to loss of I fe
downstream.
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PHASE I REPORT

NATIONAL DAM SAFETY P'ROGRAM

Name of Dam: Lcongstreet Lake Dam

State Located: Missouri

County Located: Wa r r en1

Stream: Tributairy of Massie Cre-ek

Date of Inspection 18 June 1980

-Longstreet Lake Dam was visually inspected. by ongine ering personnel 'if

Horner & Shifrin, Inc., Consulting Engineers, St. Louis, Missouri. The

purpose of this inspect ion was to assess the general condition of the dam with

respect to safety and, based upon this inspection and available data,

determine if the dam poses a hazard to hutman l ife or property.

The following summarizes the findings of the visuial inspection and the

results of certain hvdrolog ic/hydraulic invest igat ions per formed ulnder th,,

direction of the i-nspec tion team. Based on the visuial inspection and the

results of these hydrologic /hydraulIic invest igntions, the present general

cond it ion of the dam is cons ilered to he somk-wit t 1ss than e sfctr

The folIlowing de fic ienc ies were not i ced (Itir ing tlhe inuspection and are

considered to have an adver-se effect on the overal I I nofetv and hiitiire

operation of the (lam:

1. Eros ion of the grass covered upstream Fac. of the dam nppa;ront ly by

wave action and /or flutc tuat ionis of the, e: lr face- 1 eve1 has c roetoed

a ver tical b ank up to about 12 inches h i li ait Hie normal waterl1i ne.

Riprap is not provided at this bat ien, -iand ai gr:iss, cove re"! !opo is

not cons~iered adeqlitato protect ion 1, preveiit erosioti of thle

embankment by wave act ion or tic tiiat ions of the l ake level.



2. Depress ions in the embankment beli eved to Ili old animal buirrow-s were

noted at 4 locations a long the upi t rem face o f the damn at the

waterlinme. Anlimnl. burrows cin prov ide p~issrgewayf. for seepage thait

coulid develop into a pip ing condi tion (pricr!s riv internal or-on

that can lead to fasilure of the 1a.111

3. Several small] trees and hbrushy tnde rgrowthl tlhat c oti11 c oncoa 1 an imal1

burrows are present onl the downstream Face of the (lam. Tree roots

can also provi~de passageways for soepago Chat cain resill1t in a piping

condition.

4. A minor erosion rill was noted in the lower reach of the dam at the

junction of the downstream face and the left abuitment, arnd an erode d

area has developed at thle downstream toe of the dlam below the outlet

end of the spillway pipe. Loss of embankment material by erosion can

be detrimental t,) the structuiral stability oF the dam.

5. A deep gurlly heIi Cvod to be resriilt of teros ion by sp illwav flow ox ists

at the downstream end of thle emergency spillway outlet channel.

While not immnedi ate ly endanger i u the stab ilIity of thle dam, the

progress of this eros ion should be mon itored.

According to thle criteria set forth in Vihe recomiimnded go ideli non;, the

igni tide o f the :;p ii way design flood foe- theit'~ retlak Pm, wihich i

classified as intermedliate in size and of high tvinza~rd potenf jal , is spec ifieod

to be the Probable Maximum Flood ( PrMI') . Tfhe Prol ;inb I Mix i mum Flood (PlMF) i*s

thle flood Chat may be expectedil From thelos o( !,evere (-,,mhiat ion of Fni ti cal

me teoro logic and hyclro log i cond it ionS that at" reIasnab' OSSP)bI! in the

region.

Restil1ts of a hydro log i./hvd ran ic aia 1ys i.s intl ica ted thant theipl1twa-

(principal plus emergency) are- i nad(eqrte to pass lak1e out flow rosrilt ing from

a storin of PMF magnitude without overtopping thle dam. Thie spilliways are

capable, however, of passing lake ourtflow rosutring from thle one percent

chance ( 100-year frequency) flood and thle nutftlow correspond ing to about 28

i'I



percent of the PMF. According to the St. Louis District, Corps of Engineers,

the length of the downstream damage zone, should failure of the dam occur, is

estimated to be three miles. Accordingly, within the possible damage zone are

five dwellings and several farm buildings.

A review of available data did not disclose that seepage or stability

analyses of this dam were performed. This is considered a deficiency and

should be rectified.

It is recommended that the Owner take the necessary action in the near

future to correct or control the deficiencies and safety defects reported

herein. Priority should be given to increasing the spillway capacity.

Harold B. Lockett

P. E. Missouri E-4189

Albert B. Becker, Jr. /
P. E. Missouri E-9168

. .. .. . . . . .. .. . . .. . i l~ ll l " ' -.. . . . . . . .. . ... . I
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PHIASE I INSPECTP uN REI'ulLT

NATItONAL DAM qAFFVVY PROGRAM

LONGSU RI2'l (.A!<- DAM - MO 1031",2

S ETON 1- P ROJE1Cl ! :;ib'0MA rl0 N

a.Au thor it v . Thek National Darn Inspect w Acr, Pubihi c Law 9? -'"7 , d.tte!d

8 August 1972, auithorized the Sec retaury of the Army, th rough,' the Corps of

Enlginlee0r, tO iii te a prog rim o! sa Vet-v i ii!;!c ,t ion of 1-nsIhr:iighoi r vh(-

United States. Pursuiant to tho abov-, the, St. LoiiF District, Corps of

Engineers, directedl that a 5:1 fk.v insplection of' thet Lon,'st reel Lake Damn he

made.

b. Purpos ofIjspct i-on . T7he purpose of this vi stil i aspect ion was to

Make anl asse-ssmfenlt Of thle go no ri1 c onli ition ofV t h alb we lamn w ith respect to

safety and, based upon avail Iable danta and th is inspect ion, ' torniino if the

dam poses a haza rd to human life, or prope~rtv.

C. Evaluation Crite-ria. 7Tis evaltaionic wa!s p,,rf,)rod in accordano:, with

the "'Phase I"' invest igat ion p roe elo ros as pro scr i h l in ''Rocomme nded

Guidelines For Snfot'. Inspoction of Dams.'" Appenld ix D to ''Ropoyr' to ?it- Chie-f

of Eng ,'neers on the Na ionn Program ! Tispect ion 'V1 NoIn-Yodpral 'Ti &I'dt"'I

May 1975.

1.2 DESCRI PTION OF PROJECT

a. Desc r iption of Dam and _A - ren nc, ]s. Th Loiig street Lak Dan i! ain

e a rth fill type, emb ankment r is ing app ax ima to Iv 4 1 feet. above th,, or ig inal1

st reambed . The( embankment rhans an iipst ream sope ( above t he wa to r I i ii,) of

aIpprIOximately ]v on 9.5h, a1 crest width of lbout IS fev( , and a down.t re-ar

s lope on the, order of Iv onl 1.1hb. Ile long tl ofV the damn is app rox imat-' 1v 450

feet. A plan and profile of tile dam are shown on Plate 3 and a1 cros--section

of the dam is shown on Plate 4. At normal pool level , the reservoir impounded



1) v t' di -I IT c 1j1) s r, I r : i I" I I! r, I I II 11 a 11

an1 , nllrg.'nCv -P I wa'; T1Icre 'In !!-;I' I i w I o lo.,'a t*r ti ilei-.

1110 pr int: i p'. ;Ili I 1 wav, %,11Ic P 1oralted to heii rig"ht o)f , ci t. t

tam, cons;i stus ota 24 - i nt Ii d;Ii, t er s te("-, drop nit, 1), pip 1it '1

ant ivorte x p l ate (sePhoto 3 ) .indl a 10- i ith d n, ai-to r stIel HI 1.t 1)1 p'-. 'The

sp i I iway ouit Ilet p ipe d ischargi's to thle or in-iI st'cream channel, I it thoe ,, ti of

the dam.

'Mik emerrgency spit I lwav , a ri1prap I ietd tr;ip''l d I 'at'C-tin, is locat.'. at

the right, or sou th , abutment. The spi I way oilt ',Pt chlannel, an excavatedl

grass-I ined earthen trapezoidail sec tion , Is' ct 1Into the hill s ide hi an

earthen berm construc ted on the dowtiihi I1I, or le Ft, side to -on fin.' flow to the

ch annelI. The channel extends ahout 170 feet from the centeor i'ae of the ilam

and d ischarges into a nattura 1 draw which *loins thie or ig inial s tream channel1
.p~oimiate ly 300 feet below Oihe dam.Thprieancos-et enfte

emei-gt'ncy spi 1 lwiv are shown on Plato S.

1) . Loc-n t ion . The damn is loca ted on an ,nis t ? tI v o)f :t' 1; 1' e ('re

about: 3. ' m iles soitth o)f .Jone!;iing,, M i !icouir i , :ir; 5io n~ I- i the , Ioi oni 1

Vi ci ni tV M'a p, Pla Ite I . the I l- aim I s oc :I te.d In the i o i tI f1'! : ,i u iat o;I

Sect ion 25, Townsh i p 47 North , Riagt' 4 West .w th In Wa irr'. dot

C.S i Ze C1a ss i IF 'ti ')tjn . The( s i .C1 cls, iCa ii r asI'd. on; thr)e hI-'I i I

the dami ant storage ca)pac itv, isZ caItep orizoA a:' ilt t-ind isite. (Per T-ab he I.

Reconunended Guide i in!s for- Sa fety. Insp2ct ion of Dams.

d . Hazard Class i f i ation. Longstr'eot Lake Ram, accord i nfl to the St.

Louis Districet, Corps of Engineers. has,-i P i;',Ii tiazard pnont in il mea;niup that

f the dam shou id fal 1, there may bo loss of i i fe ,'ris damage to hens s * or

extensive damage to agriCl tIii'a1l , induIstr-ial aInd COI'oiiii' i MaC iliill s,

important putblic uti5lit ios, ma in highwaysq, or rni iico lsiTe estimated flood

diamage zone, shoul d fa i 1 re of thie &iui oiccur, ns (lto ein ne by Lti St . Louiis

District, extends three milevs downst ream oif the (lam. N-i thli.in thle possible

damage zone are Five (twel1 i ugs :ind s-,vera I fa-rm hut i 1( 'gs . Those, features

lying with in the downst ream damage 'son, reported hy the Cor-ps of Mng ineers,

St. Louis District, were ve'i fied hv the ispect ion team.



0. 0%wn k'r- h 11iL2 . IIhe 1li 1 a-, :i Iar -I! ownI ed I y V III I I on Iig s I-i Mr

Loiigsteet 's addr.'ss is : 150h frato Avonie, Wob.tr-r fre'., it I 119.

f . Purpose of Dam. The d ,am inormnis- water for ikcrrt i 'iii is-

g De ign indConst ruc tion 11 i st rV Atcr in t ic Owne, ho d;rn w.i

t ~~~~ConIStruLCtedt in 11)70 b%. Ru s I I BI iIIgeor , a1 Ioct I ox ,:IV I Ii lg and! gad 1 1o)

contractor and bui lder of earl thn type dams. Mr. PIingcer i, Ir-rnsd . Theo

(Viir reported that the drop in1lt sp ii wnv wa:t I I i ,1 I-d ii) 19'".

!I . Norma1l1 rplati ona I P roe eduo. Thie ake,, 1 eV,1 i s 1in rogi 1atodl. Lak-

outfElow is governod byv the codrnb md capaic it ofs of to drop i alot Tivi 1pi lwa-v

and the over flow t vpe emergencv sp *1 1 lwa\

1.3 PFRTIINE.N'r DATA

a.Dra in:~ Area 7)Te d i-a i naoare a t r il buit.. rv '-o t ie 1 :m1: is; for the

most part in a nativye state0 cove rod w'i tb t imnber. The wit r Shed bojthe dam

amouints to approximat-e k- 68 acres;. The( wateorshed airea isout] nod oin Blat 2.

b. Discharge at Damsite.

I st ima ted known max imum Ef 01 a -it dams i to 10 c fs"'- (W4. S. ElI cv. 701 .0)

(2) Spillway capacity

a1. Pr inc- ipal I ... 10 c E s ( W. S. E v . 701 1.01

b). Pr inc i paI + E-*mergencv . . . 1614 c 's (W. S. E Iev. 70?. 3)

C . El eva tion (Ft . above MSI,) . Except whore otherwise ind i cI ted, the

folliowing o I eva t iott were do te(,rm I tied by sn r Vey ;and a re hla,0 01d on -1 , rapt! I C

dlata shown on the 1973 3Jone shimrg, Mi ssoui, Quaidraug lo Mapi'. 7 . 5Minuto Seie(s.

"B1ased on an lt imate' Of d111t11 Of ElO Aw t p1iVi 1 'io'i es olb

thte COwne r
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(1) Observed pool ... 699.9

(2) Normal pool ... 700.0

(3) Spillway Crest

a. Principal ... 700.0

b. Emergency ... 701.0

(4) Maximum experienced pool ... 701.0*

(5) Top of dam ... 702.3 (min.)

(6) Streambed at centerline of dam ... 662+ (Est.)

(7) Maximum tailwater ... Unknown

(8) Observed tailwater ... None

d. Reservoir.

(1) Length at normal pool (El.ev. 700.0) ... 1,350 ft.

(2) Length at maximum pool (Elev. 702.3) ... 1,400 ft.

e. Storage.

(1) Normal pool ... 112 ac. ft.

(2) Top of dam (incrPmental) ... 23 ac. ft.

f. Reservoir Surface.

(1) Normal pool ... 10 acres

(2) Top of dam (incremental) ... 1 acre

g. Dam. The height of the dam is oofined to he the overall vertical

distance from the lowest point of foundation surface at the downstream toe of

the barrier to the top of the dam.

*Based on an estimate of depth of flow at principal spillway as observed by

the Owner.
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(1) Type ... Earithfill, clay core*

(2) Length ... 450 ft.

(3) Height ... 41 ft.

(4) Top width ... 15 ft.

(5) Side slopes

a. Upstream ... Iv on 2.5h (above waterline)

b. Downstream ... lv on 3.lh

(6) Cutoff ... Clay core*

(7) Slope protection

a. Ifpstrenam ... Crass

b. Downstream ... Grass

h. Principal Spillway.

(1) Type ... Uncontrolled, drop inlot, 24 -inch diameter steel pipe

(2) Location ... Station I + 60, 16 feott tupstream

(3) Crest ... Elevation 700.0

(4) Ottlet pipe ... 10-inch diameter steel pipe

i. Emergency Spillway.

(1) Type ... Uncontrolled, riprap lined excavated eartlh tripezoidal section

(2) Location ... Right abutment

(3) Crest ... Elevation 701.0

(4) Approach channel ... Lake

(5) Exit channel ... Crass-lined earth, trapzoidal rct-ion

j. Lake Drawdown Facility ... None

* Per Owner

1-5



SECT ION 2-EN I NE-RI N( DATA

2. 1 DlESfCN

No engineer ing data relIating to the dsgnof theo Ilim are known to ex it.

2.2 CONSTRUCTION

No formal records were ma ot ai ned douring conot ro t'lin of the- dam.

However, as previous ly stated, the dam wa.o coos tineted inl 1970 by R sso ll

Bolinger, an excavating and grading contractor from Wright City, M'issouri.

Mr. Bolinger is deceased. The Owner stated tb-it a core trench was excava-ted

and that tile dam was construc ted with clay excavated from thle adjacent

hillsides, and that compacti~on was obtai ned Iw runninog ea rt i nov ing equ ipment

over the fill material. According to the Owner, thle pipe spillway was

installed in tile dam in 1977.

2.3 OPERATION

TIhe lake lovel is oincontro 1lld anld governed byv the cre'st el'evat1ion of tile

d rop in let sp illIway locatedl neair tile ceo t e ri )f tile dam. Ail i-more iiy s p i lwaY

loca ted in the hiill side at the rinigh t abuntmen t p roy i Fes roi' ief for Lake

surcharge greater thanl tHe- c:1p;Citv -If the 1 ripo No ili r.onl wa's

found that the dam had beenoi'ervtlopp('l Phe ! w:' -rf po rI ' I ha)t- r)te dam Ito s .

never been overtopped aind Lhiat the m;ix ilmom flIool e \p',r ilecd inv tl Ii' lm

occurired in Apr il of 1 q 71) wlioii -1 a torm p rodmi .1J ;l 1pI of If 1ok. ai 1:. iii e t

estimated to) be about 1? inch,-o.

2.4 EVAIXATION

a1. Availability. Ftigineex-ing data for assess log thle destigol of thle daml

and spillways wer-e utnavailable,.

b. Ade.quacj. No data available. Seepage, andsablt analyses.

comparable to the req i remets of the 'Recommended Cii -' 1i ni's for Siafety



Inspection of Dams" wore not avalnhl,, which is considered a deficiency.

These seepage and stabilitv analyses should be prformed for appropriate

loading conditions (including earthquake loads) and made -I mtter of record.
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SECT ION 3 -V ISUAL 'INSPE CT ION

3.1 FINDINGS

a . Geno ra I . A v isual 1 ur;poc tiot of the log; lae li-tin woo! 1111,1 by

Horner & Sh ifrin engi neering p'rsonno 1, TI. V. Do,!! *C O oil, i711 inoer,

and H. B. Lockett , Civil Fwjimoor and il~oe s*on 'A- i.19C.An

exami nation of the damn si te wals i TnaIdo' 1)- 1!1 ' 'o -

-JerrY D. Ifigg ins, Ph.D., i coisil I it I: 1111 s: b -n rI

purpose of assessing the riter goologx'. A!.:o, -fn, ft'-ih m ill,

inspec tion, were the area s and foa tore" she low the din With in the po otoi't i

flood damage .one. Pho tog r.-plts of tho (I'lt t :Aok sit the( t me )f t h ill-rpocctian

are incluided on pages A-I through A-4 o f App';ti <i A. The or ition-r o f the

photographs taken du ring the inSpCt i on an r' 01c o tot oti P1 a to- 3.

b . Site GCoolorgy. The dam a rea is l oc ated near the nor therin edge of the

O7zark P lat eaus- Phys i ograph i C Prov ine 11C ea the( bor1der W ith the D i sccted Till

Plains Sect ion of the Central Lowlands- Province.

The topography is moderate lY to Steepl y o gInI the reservoir : rea.

The re ILie f be twee ii t lie re servo ir and the sut rroun d i i~gdrn nage d i v ides ranges

LIP to a max imtum of approximnate ly 129 foet. No Ibedrock e>:posst r'r wort? noted at

the reservoir site ; however, exposinrs along Mass o Creek indicate the dim is

most probab ly un~derlain by Ordov ici tn-ag' reodimontarv strata of the Pla t tin

format ionl. The bed rock dip-, gentl1 to the to rti, i nd nlo F-in 1 t were oh sorvedi

or are roper-0Tted to he~e rsenI ill thisar.

'lte P1at tin term:,t ionl coos ,is? s or F vs ,--od!.'s-;Fi;'Ity At .1 1 a

to micritic limestone wh ich e ften contans is mm-C niounnt of istclt'

-h, de rwi arik gray, ottd wltiite 'liert nito Is )n,! I Ca folind

throtighot i tmch of thle fot-ma t ton. The nSI'- o'm oI - i

weather ing. SoItirt ion--en largedl joints or teld in;g p1 ;"Tiukholos, ml ;in

i rregul1ar conotact between b edrock nd thet Ooer v il" tugstils -Ire oi, to111.

Solution foatuitt's stich as there at-o oft,',, it e;etr of 1 i i lrcol reer

leakage. Ho~wever, hedi-ock outcrops Ii te genorai 1 iren were iw tif I icn titit



assess the extent of so lut ion fen-. tit i-s and no shyr fice express ion o f these

features was noted.

'Ili dam an't reseorve ir 'ii.nder ).)ill plr )IT)") I 17','b", - of S ()F the Clar'ap,

Gasconade, and the L.1 1e1LV sr I s .the Co'd:i i .i p j ) 1 bianl;,, t Ihe v.' I I1ev

floor under the damn site. 'Flier' d"'nI tn cO Iif '1s'i.newlat

excessive lv dra ined so ils fOrmed in a11 I o jIm. Tlihseso In i re a dairk

gray ish-brown , chei-ty silt ait te suriface :1nd 1 l'm' or'; cheort' :1111 c lavey

withi depth. Accord inil to0 th I n 011 f ied SoIlI C t:nn IF Irst I in Svsrtem, tlles.' so IIs

-ire class if ied as MI, !o GC mateor i :i I, aro eri' reahl. 1'11 nnda' cauise see page.

The more n A lty mater ial1 may be sub ej'c t to p iilog. The Ca sconate soils cover

the south abu tment and~ part o f the s'ou th v a 11ev wall. Th is se r ies cons is ts oif

shallow, somewhat excessively dra ined soils der ivo'! from weaither ing of

limestone and thinly inte rhelded sha 1 e. The'.' n i of dark graly Sis--bIrown,

s toneY ( limes tone and cie rI f ragme at S), s i t V CIZI av01 01ner0h S r faceL and g rade

to darlk brown, silty clay with depth. The soils range in clas-si firat ion from

CL to GC, are moderatel' permeable and may allow Seepa)"gt into shallow

bedrock. The Lindley soils cover most of the valley slo(-pes suirrounding the

reservoir and dam. These are de P, we 1 1-dr'I mled no ils formed onl g1 ac i a

till . The soil is tvp i aliv a nl tY cliv at the surfaice, beocoming more2 Clayey

with depth. Cherit fragments fromn the reworked residual so ils are common. e

soils are classified as CL-MI, to Cl, material, e.Xllht moderatoly low

permeability, and are genera 1ly conside red I avorab I for imrpouindmen ts and

embankmient!:. Kesw ick soils reported ly cover the hi igler vall1 y s1 open well

above the -servoir . The sols a roi d the no-th aim tment of the lamn are a

combination of thll Ke sw ick andl L od 1ev :e iic an (ihi hit eig ilie ering

properties similar to the LimnllI y soiIn lowevor , these soils are more s il1tv

and1 may he sun Cept ibl1 to eros ion kin ; upos-

The most s ign i ficant geo log ic cond i tion at the damn site is rhe severe

eros ioi. of res iduuim in the sp ii wav dianne . No other geo logic fac tors were

noted that wouldi appear to s ig i firant.iv a ffect- the per formninet of the da-m or

re servoi~r.

C. Dami. Thie vis ible port ions of the upstream and downstream facen-- of the

dam as well as the dam crest-; (sec, Photon 1 :1110 2 were- i n-pec ted ntd appoa ret
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to be in sound cond it ion, although oros icn of thle unprotec ted tip-Stream slopc

had created a vertical face up to 12 inchies high at the normalI lake, level1

water line. Riprap was not prov ided along the tipst ream face of thle dam. Th e

presence of small1 trees, and brush (see Pho to 1s ;1a1d12) Was noe ( oil tile

downstream face of the dam.

At the normal water line the remains of whalt appeared to he o Id an imal

burrows (see Photo 7) were found it four 1 ocat one l the uipstream face of

the dam. No sett lement or horizontal mi--sal i gnment .)f the da cre2st, or

slough ing of the damn slope's was noticed. No seaew noted on the2

downstream face of Fthe dam or in the V1i I ev ara an'I ~-t downstreamu oFl the darn.

A minior erosion r ill was noted in t he Iower rso-ich n f the dam it. the jun t ion

of the downstream face and thle left abe tment . An nmo tIo of -i soil sample

obta ined from tile downs ;reamn face, of the Ilam judl itol 1the maiterial to 1)" ;-

yellow-brown silty lean cla-y (CL) of medium pinst ic iriv.

The 24-inch diameter drop inlet (see Phloto) 3) and the 10-inch dia-meter

Steel outlet pipe were inspected and found to he in saitisfactory condition.

However, an eroded area (see Photo 4) abouit five feet lit diameter and

approximately 1.5 feet deep has- developed be-lo-w the oujtle-t of the 10-inch pipe

at the junction of the downstream toe of the dim and] the original stream

channel.

The grass-lined outlet channel (see Photo 5) for the emergency spilIlway

was examined and found to be in good condition; however, a deep gully (see

Photo 6) approximately 10 feet deep and 20 feet wide has been eroded at thle

downstream end of the channel at a point ahout 170 feet from thle center'ne of

the dam.

d. Appurtenant Structures-. No appulrten1aT st rutctui-r were ob;ervod -it

this dam site.

C. Nownls tream (Thanne-11 1 . III,, channlel withinl tho potenlt a 1l dam ai 'insr

damage zone downs t roam -f the dam is un imp rovo! and o~<tend!; app ax im.-ito lv

1,50)0 feet before Woinling Ma s j Creek, which in; al;, l uilmpovod.



f. Reservoir. The area al ):wont L-) Ole nk, i ko r the 1 ro:t part in :t

natural st to and w,,d.. At tP, t in, - i t I'm h' 1ake wat.,r

surface elevati,,n was about 0. 1 foot h,,low norr..!1 s)Ol and the water with in

the reservoir was esSent ;. lv c lear. T'h .11 tictt of , deitto' withlin t-h, Iake

at the time of inspection could nor ,, dot. rPinlh iw.ver , due to th.e

vegetaticn. cover ing the su rrouo1 i)u a'ea, i s believedI t, bi nsi ,nifian t

3.2 EVALUATION

The de f i c i enc ie s observ ed during the in spec t Ion and no ted hur. n are n,,t

considered of significant importnnce to warrant immi,iat, romedia1 action. It

is recormnended, however, that restoration of the ,r-le .r) ,af the

embankment be assigned a high priorlv.

'-
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SECTI ON 4 - fOPFRA\T1 SN'A, PiRO:iDU!S

4. I PROCEDURES

The spillways are uncont,-o1led. The wator sirf ce level is governed by

precipitation runoff, evaporation, seepage, iirld rho cap'Cities of the

tincontrolled principal and emergencv s p iI l wa'v.

4.2 MAINTENANCE OF DAM

With the exception of several locations wher, eros. n has occurred, the

embankment and areas iminediatel, ad jacent therto appar.d an if they receive

routine maintenance. According to the Owner, the grass on the dam is cut

periodically during the growing season.

4.3 MAINTENANCE OF OUTLET OPERATING FACTLITE,

No outlet facilities requiring opration e',it t!h;s dam, and there ;s

no reservoir regulation plan.

4.4 DESCRIPTION OF ANY WARNING SYST'EMs IN :.YWT

The inspection did not reveal the existence 1f a 'am fii 1 ire 1 :irnrng

system.

4.5 EVALUATION

It is reconmnended that the roded areas of the dam be restore and that

riprap be added to the upstream face of the inm to prevent erosion by wav,

action or fluctuations of the lake level. It is also recommonded that a

detailed inspection of the dam he instituted ,l rogular b-i hv an enginoer

experienced in the design an! construction of dams an1 that records be kept of

all inspections made and remedial moas, res tael:n.
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SECTI]ON 5 - BIYDIOC 10(IC l/YIURAI'Ilt

5 .1 EVALUATION OF FEATURES

a2. Des I ;Datai. Desi i Jgo r- d It-o not- ovi to

h). E 2 r e c lDart r '11w .I0 : i 0 
1 .1;" c . 1 V 0

(ev e I opod f ro m th ' I ') 73 U1C S (S e l; M;] j , 1c r )Ic cifi I 11. .c II

~ ur ti ~~n i ol Ii re n I 00 tho ",I I 1w ,"; 1 ,i Hism .....-

50"~vtV U Ode lrI I,, t'kilses :1 Ri c~ oIl 0 I o :-I I- .oceolf ow )V, oo

data for- the watershed nre, clot: IoI:va

Dure to the fact t ha t the wa e erShedI fo r t !1 -;, .V,) r sIv SIn I1 ho lak-o

level IWas issumed to he at nlormal pooe I., -I rc,:!it io, rlo storm;.; pr; ori

to oeccurrence of the PMF and the ,rohahlist ic stoerm.

According to the St. Lou is Di strict. e p of Prigoeers, the, est imatod

Flood damage,11 Zone0. .Sheo Ii filreof .e icn Cffor xtnd 'tr mii lee

downstLream of F he darm.

c. Visual Observation0s.

(1) The princ ipal spill way'. a . -inclrirl r rni t is

located to the right of the -enter of th 'cm The ; icil tool Pp e drop

inlet is about 3 feet deep. A steel ativort ex pla-te ::;st a wel1ded re inforrcing

bar grate that servos as a trash 'screen ar prey '!o L11 treop of t;1" inlet.

(2-') A 10- inch d iamete r ,tL I m t Ie ) p x eend f rom I he dr-op i nleot

to Vte too o f t h, darnm it t he down,;t.ream ch.-mic 1.

(3) The emergency sp 1 1 Iway a I Ii prop ,I net I broed -c re stel t1 t:ipeo7ida I

sction, is located at the r- igh t orouh:15tmt

()The emer.gency rpi1l oiint let channoe 1,I an xcavatedl grass lined

earthen trapezoidal section, is; cut into11 the hils ide With an arhe bank

Coilst rurc ted on the downhril I Ior 1' ft. side to ceonfine Ftlow to cte channel1.
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() he or ei na 1 st i-a;m chInnn. I .,')-i I;iIt -(- n

d .Ov Vr t 0PT Lng_ Po t fe ie ii, ive pp i ;' (rn,1)- i i ;i~ emo i-g' -c. ) ar''

i nadoilanti to pass the 1 r o!) 0,1 in.x -<Imm f I 2 ti i tepd,)1) )I -i in-: irnie.,

flood, without overtojpping the- Lam. 'The rosolf- ; 1::;' n; o' r-topp 0;

alno!vs is arc as fo 71owsn

(Not,-.: 'Foe 3ata appe-aring in the foil-owing '!6-1 ii :ivo ie'-n extrnctr1 , fromj t-he

computcr outp,Aft data nppkearzq, ;: Appendl ix V1. D.c;M1 ma :1 11 r :1v. hP.-n

rounded to ',het lI'nrokSt one-tethU~ in order- to pr''''''nt :si;:i f na'oi

accuracy.)

Max. i~p: th (Ft.)' Di rat ion 'of

Rat io Q-peak Mix. li.ko o : 1kr.~e r D'im 0v' oppi

o f PNIF Cht IfIow (Cn zS 'l.v. (Flov. 702.35 )-t 'inn Tlls.)'

0.50 482 7n2. 0' 6.

i.00 1,',12 703.6 .-

E I cvnt LIon 702 .3 was fou ml to he. t !1- 1 .y7, t ~ n 1

f low sa f e y Pass ing th',sp i IIwav s gitp' I O Over -1' iut

app rox iniate iy~ 164 c s , wh ich i- thek -,(-It iott 1 )I .'I' h t ) it R

percent of tlhc prohn7 le fl~ir 'o' T-i~lo. i o'eaL Iw

probable i..,axirmim flood-. t'io greatest )Ith ol tI ''r n'Iq

to be 1.3 feet and overtoppinop wil a1itn c ross to' "ni i r 1ength o tie donm.

e. Evaluation. Experienlcc with tnh.ankrnents constrieti1' I !IiaI-r

material (a yellow-brown si ltY loan cla'r' of modiuim fil-st i'it-,) to thatr r''d t-o

construct this dam have shown evidence that te inii-ra iiner ce'rt:. in

cond it ions, such as high yel1oc it v flow, rcan heo .ervy rod ii10. Ani oxamp]I of'

such erosion is apparent at the oinergency s pi1 7way oit let cianne . Sli ch a

cond it ion exists du ring the PMY Whe01 li. ego 1'ik(' ou tfElow, alck, unpin ed !''' li gl

flow velocities, occurs. For the Pt F condition where, the depth of flow over

the darn crest, a maximumn of 1.3 feet, and the duriation of flow over the dam,

5.2 houirs , are nubstantial, dnnmage by eroc ion to t 
t o crest and ulowntroar:
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oL the dam is expected. The oxtrlt of Mheso din:..: not p,,dicta)h l;

however, there is :t possibilitY 1-h; t-,,v od .. ,l t i f1 ilur, 1,.

of the dam.

f. Reference. Procedu res :a l da-) f(e d,'tr i , t,. pro),h ,1 T m:,iMnjm

flood, the 100-year frequency floodt,:I nI t ho I i ;ch: |rge rat ing -,r'.r,,-- . - )w

passing the spillways and da;n crest are presot,'d on pa:'; Bl-I thr ,I "- ,f

the Appendix. Listings of the I'EC-1 (Dam Sa.tv ion) 1 p~1t datIt , ":- h.itll

the probable maximum flood and the IO0-voa r fr,-qunc" flood a- vi "

13-4 through B-6. C'mputer output ,hat-i. i nlludin:' , it '.,drugraph ur!iintto S

tab ulat;on of PMF rainfall, loss and inflow data are shi ,w on paes B-7

through B-10; tahulation of lake s rface area.1 e,at on n t ra, v I, mnm S

shown on page B-11 and tabulation titled "ed 11::!var v oF Dam i.afctl AIO',.;"

the PMF and 1 percent chance (100-year freq, ewtv f.'d re .ii; sh -c .-'l n .

13-i1
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SE'1N 6 - S'rFRITC'rRAI. S'FAItT iry

6. 1 EVATIA~rION OF S'rRUC'TUNA!, ,'TAB [IXIlY

a . Visuial Observat ions. Visual obsorvzat tons )-coud i :ions wi

alverselv :iff. cL t-he strtlctwlrai stah i lt\ 11to dam irn Ii scu:i sei in 1;ot ojl

3, paragraph 3.1c.

b. De g ndCutrt o -IA. No I';:1or eonst riittion Js i ro 1:1t iu

to the structural stab i titv of the damn aro known to ox i st Seep..Ao andk

stab ility ana lyses comnparablec to the roqutir-mont s of I hi 'Si~ootnn.loI

Go ide lines for Sa fety I nspection of Dams" w' !o tit it:va ilzablo, which i!

considered a de fic ionev. 'lies Seepa.,ge no ta .11,1 :11.: lvcos !:honlid he

per formed for appropriate loadinug c ond i tion' ( inc luiniig oa r Lhqr i k4. 10o11s and

made a matter of record.

c. Operating Records. No appuirtenint, structuriies or fac ii tes requi ring

ope rat ion exist at th is dam. Accord i n to tho O)wno", no rocords, ar' kept of

the lake level, sp illway fi seharge , darn ,ot t Ion u it, or

d. Post Construction ChaiM s , . Wi th t he veXce pt io o the, 1inst l l:I ion n

the drop inlet spil lway in 1 0 7 7 , the Owrner reported that1 nok 'atonstruct i1ll

changes hnave been made or have oceu rrod wh i ch ,7t i Iflat tfI !h. sriue tora

stability of the dam.

P. Se-ismic -Stab i-li-t. The damn i!, located ;:i in .icilose - !

bounoda ry sep qrat in), the Zone, I n :15 IT ;o:tc pvha i aro .Ail

earthlquake of Hie m:ignititdo that mi; ght occur in t hi!; aro,x w~oulid not 1

expected to cause structral.) Jiatn11g' 1I a wll oilstr:iictVed1 e:11-111 di1 )f t hi:,

izeo p rov ided Lh at Sta;t i C.StCab i I i tv VCond it ion'; are s. 'isC.-tctnit'v ititdl
conventionalI safety mtarginus ox tst. llowovor, it is recommellnded that1t Iho,

p r,-sc ribed se ismice load ing ho Tpo1i d in any st abl it y a1nalyW9 sesper f0rmed1 for

th is damn.

6-1



SE~t'I O~ 7 MESSMKNI l~~~l A MIII FIS

7.1 DAM1- ASSESSMENT

a. Safety. A hydraulic analysis nd iraitod tha-tt theS! ias pnii

pIS ins emergency) IrEC Cjabl of () U )15int' 1:0<-' out F1t -W f Thotit 16 ~ SWithtomit

the l evel of the 1lake exceeding the low point in the to'p of thle dim. A

hydrologic analysis of the, Ilke wqtorsme' area, ;is di scmrse'i in Sect on 5

paragraph 5.1Id, indicates that for storm ruoff of probable max imuim flood

maegni tude , the lake ou)LtlO H011 obwnh e aboutL 1,4 1: '~ and thant for the I

percent chance (100-year frequency) flood, the lake oit flolw woul bi e about 35

C f S.

Seepage and stahili v a lvses of the( dami We'o not nvai lab> Ior rvi-w,

and therefore, no judgment coutld 1), made with respect to the sti-iic t':u.al

stability of the dam.

S,-Voral it ems were nlot icedl due 1inp thet inspect ;ml (hIIt copil!mvis

a ffect the sa fetv of the daim. Thls'se m tems intc ilet oldI in iou i' bulrrotws ),I ',

upstreamil face of the embanlkiMOnII, the 3?ci;o m n si Ir; and

uindergrowth, an1d the( tack oit :Taolultte !,lope 10i t 1 to :(eI enS

the upstream fa-ce of tileda.

1). -Adecjcmae c f I-Tn f ormat mon. Dlime to lakof desi-,nI ant1( k-llqtrmet loll dat a,

the a ss t; smeilits reported here in were bane m xit ceo I coutit ions is

de!.ermined during the visuial inspect nn. 'Ph : ss nmt of ft- to'dr' in

thle watershed and capacities of the piIl'asWore h ):Is ye. o

hydrauilic study as inmd icated in Sect ion ;eit. and :talb i 1it v e

comp arablec to the rcpi ii emnenVs of' ''Rtcommeride Otiiide 1 i nor for Si fery

I rispec t i-on of D~ams" we re not available, wh lm IiI is cwl t Io doed a dei f IC i onev

C . Urgeqcv. The reme'lja 1 measuires rermndvid in p~araph 7 .2 !'r III.?

items concern ing the sa fe ty oIF thle clam noteod i n parm1 g rapm 7 . I a shoti I. hi,

accommplIished in the near fu timro . The i tern eonue roi ig inorrea sinog sp i 11wav

capac ity should he pursuetd onl a high prior it v bins
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d . Nee ess i tv for lPi ao II. Bast d oni Il-i' r'" i It I i-. Phaso, I

in spec t io. a Phase IT I nvi'st igait ion 1I 110t r.,(* Iltii' I I

e. Seismic Stah ilit v h dlainm 1 <ira tehd II ;In r;'.i'1' to) til

boundary separating tho 7oni- 1 ;nn "Aoii IT a -iopi1t a'i. X

earthquake of the mnagnitud.e that might11 iii'CIII it til, v 1 wouI 1 not.L 1'

expec:ted to cause structural tIimnge to a1 wol cowatre ttd earth dam or ts

size provided that static stab ilitvY co0ndit ion.- :ii-( sntkis ic tarv all'i

convent ional safety margins oxk~t . Ifowcvet-, it 1a r-ot-mmon I'd th~i t tn'.

prescribed Se ismic load ing ho applIi',d in any21h jiv:n1' ;'p-vforilloiI for

this dam.

7.2 REMEIAL. MEiASUtRES

a. Recoinmendat inns. 'he fo 1 1 o.win o 'jt tons; 112- r-eoo~Tl~Iied

() Ba s d uip : c r ri oi a sot f ;t 11 t hI r'> tor'll Tpa011100,d i I I"(1,;

spillway size and/lor he ight at 1.m sliori id ho1w '~o tile't a:1i.

out flow resulting from a s torm -f pi'oh :OIb e mi ii Flo od iii'gi lt'' -. III '' I the r

cas-,e, the spillIway Shouldt he pro)t"Ceoi to :r'int'i t

(2) Obtain the necessary soil data ind per farm la-in sMepoi'g andi

stability analyses in order to de torini ne the at ro1oc nra -. I a a i 'of the darn

for all. operational conditions. Seepapge 'Ind staiiity nays. shiould he

per formed by a qualiftied pro fess ional ell:'Jl ni'er oxirtolcod illt the d'ls i n :lid

construct ion of earthen dIarns.

h . Opat iaLjn s and Ma int eonance (0 & M) 7'roicoh tr s . 'the, to 1 1ow inoup ( & M1

Pro-'0du1res are retcoimnondid:

( I) Provid( somie fo)rm of pr~oti''t-o b 1w li in grn:for' III

upstream filo ofI the, dam at -Int above tIn'tn atiIii' 'n1:1 ot-'l'r tItr) va

(-ro s ion. A gi1i-as covered lpi' Ia; tit covit' lord ( aw t'iat -uo' '

prevent er-osion 1wv wive a', ion ,Ii b I' f'ioi t Ml' ' tIp iliu I'c 'I
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(2) Restore the eroded areas of L he dam and pirov ide some, moans o f

p rev cot ing futire or rosi on by, s p ill way p i p e d i searea n, ever I imd d ra i naige.

Loss of sect ion due :-o or,-sF ion c an impair Ote s r' c tirn I stab i I i rv of 11he dam.

(3) Re-storo th ,einliAnkinont ;it the)( o Id aII ima ho brrovyi; I I t!

upstream face o the dam. An imal ira'sanprovi I :I 1a e Ir akW

Seepage which Could lead to a:Im. nV o po. v ~'- ~a

and sub sequont f i i tire of tiie dIm.

(4f) Remove t he ,;mi 1 I t-oo:; -m,; mii' i'',r,v' 11 1 It t1 1 . ,;' ;~

of the daim. 110 l0s from treeo root; *:)I proyidep; *u..aI' ,i (

could lead to a pi~ping con,! It 10n.

(9) Monitor progros,- of channel1" 'rote in a1 Ill., rnI the

emergency spi llway Out let ch:mni' . Mensii-es shen id ho taken aIt the

a ppropr ate t 1me1 to prkelent a1 COnd it i On w.he r,' ero!a i on of th Iichanne I a ff'c t s

the operation of the reservoir.

(6) Provide maintonance, of .- ll ar,,-as of tie 1,111 -Ind sg- iwalvs on a

reg&ulIarlIy schedulIed ba si's iin order to i inr,' F0e1t IrI tf Ie Ii;', iu si at Is f !cto(ry

operational condition.

(7) A detailed inspect ion of the darn sheaiid be ont iede a

regul~ar b as is by an eng i. nec r ex~per ienc ed ]it the, deii an con'- triic 1on (if

dams. Tt is a Iso) rec omimieuded for_ ftur rIt-0T fern' O 1 t- 1 1'- oV (I' hO 0 'p t oe

all1 inspectioens made and remoedina mnasi r,; take-i.
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INSPECTION PHOTOGRAPHS



"0. CREST AND UPSTREAM FACE OF DAM

NO. 2: CREST AND LEFT ABUTMENT OF DAM
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4r4

No. 4- PIPE OUTLET AINT) rROS10N AT
DOWNSTREAM TOE Or' DAM
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NO. 5: E'MERGENCY S1PILLWAY CREST AND OUTLET CIIAN'LE

NO. 6: EROD)ED APRA AT DOWNSTREAM END
or EMF.'lCFNCV SPITLLWAY CIIANNrI,
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NO. 7: ANIMAL BURROW IN UPSTREAM FACE OF DAM
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APPENDIX R

HYDROLOGIC AND HYDRAULIC AINALYSES



HYDROLOCIC AND HYDRAIILIC CO(MPUTATIONS

1. The HlEC-1 Dam Safety Version (.Luly 1978, )lci fii 26 February 1979)

program was used to develop inflow "Iod outflow hyvr ographs and dam overtop, in.

analyses, with hydrologic inputs as Follows:

a. Probable maximum precipitation (200 sq. milo, 24-hour value equals

25.0 inches) from Ilvd romc tooro o%,ic: I Rep,1rt No. '3. The

precipitation data usod in tho an:lvsi:i of tle' 1 p, rcent (100-year

flood) was provided by the St. Louis lIhstr cit, Corps of Eugineors.

b. Drainage area = 0.106 5squar:' mi l.s 48 a re

C. SCS parameters:

3 . )h '

Time of Concentr-nt ion (T ,, (1.0_ i_ :3.02 ho

Where : T = 'ravel t inr, of ,' t'r from ',Tiii iv i: i - lv m:
C

d ista t p nT to v; t o ;t r.'st, hoir-.

L = Length of ]ongot watorooirso - 0.2 6 5 mi ,0:;.

H = Elevation differenee 121 fr.,,t.

The time of concentra ton (T ', was obtiai nd iI:ing Method C as
C

described in Figure 30, "Design of Small Dams", by the United

States Department of the Tnorior, Bur,ati ot e , l ,'t au r(

was verified using average channel volocity ostimates and

watercourse length.;.

Lag time = 0.053 hours (0.60 To)

Hydrologic soil group - 50% C (Lindl.,y ,2cries) :110 50, 0)

(Gascon;i.,l and Ky swick Series) peir SCS

Co llty Soi} o,',

Soil type CN = 76 (AMC IT, 100--Vr flood! rntd! iou)

= 89 (AMC I I, PMF tend it ie'!



2. Spillway releases for the drop inlet spillway were computed

utilizing equations and nomographs presented in "Design of Small Dams" by

the U. S. Department of the Interior (USDI) for drop inlet type

spillways. The rise of the nappe above the elevation of the crest lip

was considered negligible. Tie following equ:ation was used for crest

control:

3/2
Q = C (2 R H

O s

where "C " is a coefficient obtained from Figure 283 of the above0

reference, expressed in terms of H /R , "R " is the radins of the

spillway crest, 1.0 feet, and "1 " is the depth of flow over the crest.
o

When the ratio H /R reached a value of 1.00, inflow was0 S

determined by assuming flow was over a sharp edge submerged orifice. The

following equation was used: Q = Ca (2gh) 0.5, where "C" is a

coefficient assumed to be 0.6, "a" is the area of the orifice, 3.14 sf,

"l" is the height of flow above the orifice, and "g" is acceleration due

to gravity. Reference "Handbook of Hydraulics", Fifth Edition, by King

and Brater, page 4-3.

Flow through the 10-inch diameter outlet pipe was determined using

Bernoulli's equation for pressure flow in pipes. A pipe friction factor

(n) of 0.013 was used. Losses, including entrance, turn, pipe and exit

losses totaled 6.36 velocity heads. Reference "laIndbook of llvdra,]i s",

Fifth Edition, by King and Brater, pages 8-5 and 8-6.

Discharge quantities, determined by the methods described herein were

plotted versus corresponding lake water surface elevrtions to determine

the discharge rating curve for the drop inlet spillway.

3. The emergency spillway section consists of a broad-crested,

trapezoidal section for which conventional weir form las do not apply.

Spillway release raf:es were determined as follows:

B-2



a. Spillway crest section properties (areas, "a", and top width,

"t") were computed for various depths, "d".

b. It was assumed that flow over the spillway crest would occur at

critical depth. Flow at critical depth Qc was computed as

3 0.5
Qc = (a t) for the various depths, "d". Corresponding

velocities (v ) and velocity heads (}! ) were determined
c vc

using conventional formulas.* Reference "Handbook of

Hydraulics", Fifth Edition, King and Brater, page 8-7.

c. Static lake levels corresponding to the various values passing the

spillway were computed as critical depths plus critical velocity

heads (d + 1H ), and the relationship between lake level andc vc

spillway discharge was thus obtained. The procedure neglects the

minor insignificant friction losses across the length of the spillway.

d. The discharges for the principal and emergency spillways for equlal

elevations were surmnated for entry on the Y4 and Y5 cards.

4. The profile of the dam crest is irregular and flow over the dam

cannot be determined by application of conventional weir formulas. Crest

length and elevation data for the dam crest proper were ,ntered into the HEC-l

Program on the $L and $V cards. The program assumes that flow over the dam

crest section occurs at critical depth and computes internally the flow over

the dam crest and adds this flow to the flow passing the spillways as entered

on the Y4 and Y5 cards.

2
a Hvc F
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lln. DA HR.14 PFRIOB P;A I4 FICS L0', f1I 0 fi.{, i P. 14 PfRl0nf RAIN El rS L r" f w Q

1.01 .JA I .() 0.00 01 0. 1.0! 1 . 14" .21 .21 .,1 12.1
1.01 .. () A. w .il 0. t.01 17.10 1V. .21 .21 .1 15!.
1.01 .15 1 .0% 0.rw .01 . 1.61 1?.15 147 .71 .?1 .61 tilh.

.AI .20 A . I i. CIO .(,1 1.01 1. 4,  .'1 .21 .(1 1,.
I.0 .2. C, . i (. 1.,l . 1.0% 1. 4 . t ;1 ., .0 1.'.
1.01 .-43 .. 01 * l. IOX* .o1 l I.M 1;2.. %c .;, .', .CI 17A.

1.01 .4 . 1 ( .N ) .1)1 0. 1.1l 1 . , 11 . .! ."I .(I 170.
1.01 .44, R .(I 0.0 .6% 1 , 1.0% I "I. 194 .2% ."I .00 176.
1.01 .45 .. 0.00 A I. 1.0 12.41 1.1 .21 .21 .00 170
1.01 .56 10 .ot 0.0 .o! 0. 1.01, 1 ,9 154 .2"1 .21 .00 M7.
1.01 . C91 1' *0% 0.0 .ov . IJ! I C5 159 .21% . .,, .(A 171.
1.0 I.) 121 .01 ).() .61 0. 1.01 I . I .C .21 .21 .0 171.
1.01 1.05 13 .01 0.00 .J 0. 1.01 13. 01 197 .,6 .25 .(( 193.
1.0% 1.10 14 .01 0.00 .(, 1. 1.01 1.10 158 .26 .25 .00 203.
1.0% I. 1S .01 (. )0 .i01 A. 1.01 13. .1 ,  159 .26 .25 .0, 205.
1.0% 1.20 16 .01 0). . it . 1.01 13. 20 U-0 .26 .25 .00 206.
1.01 1.25 17 .011 0.()0 .w. n. 1.01 13.25 1,, .26 .25 .00 206.
2.01 1.30 I.l .01 .00 .01 0. 1.01 11.3A) I, .26 .25 .00 206.
1.01 1.35 19 .ol .W .61 0. 1.01 1 1)0 J,' .24 .75 .(y 204.
1.01 1.40 204 .n1 .0 .()1 n0. 1.01 01. 46 1,4 .2h .2 .00 206.
1.0l 1.49 2"1 .l .) .f01 !. 1.01 13.4c 1 A5 .26 .25 .00 207.
1.01 1.0 )2 .01 .00 .01 1. 1.01 13.90 1SJ. .26 .25 .00 2017.
1.0 1 .5 1 .11 .00) .01 1. ).0l 11. 5 167 .24, .25 .J0 207.
1.0% 2.0)0 24 t .06 .61 1. 1.61 14 M I -.3 .2,J, .'15 . N1 207.
1.01 2.05 25 .()1 .01) .01 I. I.01 14. I,:5 , ..3200 240.
1.01 2.10 . .() * .1 . 1.?01 14.16 176 . r . . 21 24.
1.01 ".1, . 7 .0 .0 .0 2. 1.01 14. 1, t1 .12 ."2 .0 C58.
1.01 2.20 2 .3 .01 .f) ,1 2. 1.61 14.0 172 .32 .32 .O 2q.
1.01 2.2- 22 .01 NO0 .f] 2. 1.01 14.9 715 .3 2 .1 . N1 ?59.
1.61 7.f0 3I Cl .1 , t . 0. 1,0 A4.30 174 .12 .32 .00 29x)'
1.01 2...' 3% *0% .06 .01 3. 1.7. T4.971 179 ,Y) .. 2 .00 259.

1.0) 2.4. 13 .40 . .r 3 . 1.0 14.4j) 17 .12 ., .01) 20.

1.01 2.50 14 .01 .0 .01 ". 1.01 14.50 I73 .77 .32 .00 240.
1.01 2.55 15 .01 .0 .01 3. 1.0! 1. 7'? ..? .1 .00 260.
1,01 ".0 ( i k .01 ,.06 .01l ". 1.! ! 1' 1~ I0t .32 .3?2 .00f 2,0.
I.0% 3.05, "17 .0%l .00- .,,1 4. I .01 19.09' t.9l .19~ .2I9; .0,0 1",,,,,5.
I.0t 3.M W .I .47 1 4. I lf6 I ).92 . 19 I? ,00 2k.
1.01 13.19 11 .0% .",K0l .n01 4. 1.0% 1. t5 I., .'9 .' .00 " O 9,.

1.01 %3. 20 40 .t ,e) .(il 4. 1.01 1 ,. \0 lA .3 5. . .M 415.
1.01 .5 41 .0! .61 .01 4. 1.01 19.2 1).5 . , .1 .&M ) S1%.
1.01 3.,P 42 .At .0ll .61 4. 1. , % .-0 1 ' I . .9 1 /4.M .0% 1051.
1.01 3.15 43 .01 .i01 .01 4. 1.01,. ">.9 , I7 7.71 27,6 .01 1,"14.
1.01 3.40 44 .01 .A .'ll 4. .til I '1.4 1 1-W 1.07 i ., .01 1 2,9.
I.0% 3.45 4c; .0t .0% .0% .1 1.01 :. 4t I fr? .,1 . . O 764.
1.01 1 .0 41, .% *1 .01 9. M . Al 1.61 1 I;'m . .5.A .W0 W5.
1.01 3.99', 47 .0% .01 .0% 1.,l 0! ,. ,  1')1 .0 .10 .00 3".

1.0! 4.0 4M .A .01 .n% I . .01 I !,. N) 1i .39 . W .r) 14.
1.01 4. ff. 4'9 .0I .01 .0l 5. 1.01 i9. 1 T, 1,1 .10 .10 .0) 273.
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END-OF-PE'RTOD FLOW fn L' (1)

1.01 4. ! 9l .(1 .1! .1! 1. . l 1'4 . .171 .no 245.
1.01 4.2.5 1 s . . . .o V. .1.1" . ' . .0 244.
1.01 4. ?5 %i .0 .A!1 .1 . 9.71 29 1.- .-0) .16 .XI 244.

I.A1 4.30 94 .AI .()1 .01 A. I.A I .t 1" .-4 .- A .N) 244.
1.01 4.T5 CA .Al .01 .f :.. i.11 !.. -1. 1 .i. .In .1) 244.
1.01 4.46 %. .(1 .01 .. 1 ',. 7041 0 . .")6 . 0 o 44.
1.0! 4.45 5 7 .01 .01 .0 . .,l I,1.. 45 .:1 .0 .3-C .AO 244.
1.01 4..5 1 .01 . .t nt ol 1.01 1 .9'0 207 .0 .30 .DO 244.
1.01 4. 55 59 .01 .01 .01 ('. 1.0! IA.5 (L, .x 0 .1 .00 244.
1.01 S. m .N) .() .At .' I.. 1.0l 17.0() 204 .3") .3 .0w 244.

.01 S.0CS AI .tA1 .01 . 01 4. 1.01 17.ff. 205 .23 .23 .0) 1110.
I.01 5.10 t 2 .0)1 .01 .01 4. 1.01 17.10, 2(V .23 .23 .0 196.
1.01 9.15 . .0 .01 .() '.. 1.01 17.1 ,  207 .' .,, .00 192.

1.0! 5.20 .64 .0M .(i .01 d,. 1.01 17.'I n .. .2.3 .0A 19?.
1.01 5.25 &s .,)1 .01 .A! t . 1.01 17.,5 207 .12 .23 .0w 191.

1.0!l 5.30 YT .01 .01 .0! 7. 1.0l 17.V, 211 .23 .2 .0r0~ 191.
1.01 S. Ain .A .01 .0! 7. 1.01 17 .' 1 .23 .11 .11, 19.
1.0 5.4 7 "0 .&7 .01 .(I 7. 1.11 !7.4 <  ;1i .71 .2 .601 1i.
1.01 5. 4,) 41. .1 . .0 1 .0 7. 1.0, 17.4) 7i ; .2" .. q .00 191.
1.01 5.50 74 .0! .01 .()1 7. I.01 17.4- :11 .2 .2 .(' 1.
1.61 S *51) 7! .61 .1i! .01 7. 1.6 1 17.9 71i - .2 . , .I- 191.

1.01 (X00 7, 2 .01 .0! 7. 1 .6' 1.9. (0 1. .23 .2
1.01 4.0 71 .h. or) 712 2V. 1.01 1l9 217 .02 .02 .( 172.
1.0! 4.10 74 .as,  .n4 ."A f) 1. 1.01 1 R.10 ?1 .02 .07 .V 0 (X..
1.0! A.1 75 .k .4 .A. 1; 7. 1.01 1 A. 19 719 . .0? .i0 15 .

I.01 /..0 7!, .Ik .l0, .02 19. I.01 1 .. 20 7 "X.l .0? .01 1.

10 .S 77 6'. 4 .2 ~ . 1.01 I 2! *2 7 0 10
1.0! A, ; 7:1 .. .J4 1.0! 1 0. 27 .? .07 .0 1 n7.

1.01 S.9 7'' , . , °(7 '7. 1.0! 10.9 22 .0L 1.01 .i 114.
1.0! A. 40 , .(L, .l9 .12 l. I *0 19.4 7124 .il .4! T :,'.
1.01 ,,.49 't! .Oo .. 09 .f07 "t. I .0! l .45 729,, .07. .07 .00' S7
1.0! a.% :12 .n.. . n", .01l 1 .01t io'.%,' 77. .02, .0.' .00l ?2
1.01 A55 K .0%. .19 .11 4'. I!N ). 77' .67 .n? .0.

1.(1 .1 l . .09 .! ¢." l.01 9.00 77, .10( .(') .I JI ' Fo.

1,0 70 • 9 . A.l .l 41. 1.0! 19.05 279 .17 . 7 . (X 75.
1.0!l 1. 1' ,... . ,. . ', il .41. 1.0! 19.10 ?73' .0? .0l? .(0 70
1.01 719 ? .. ., 6 .1 42. I.Al 19.15 -! .7 .k)"1 .02 6 7
1.01 7.20 1 ' .R S .05 .0!, 4?. 1.01 19.20 21 ? .. .07 .00 .QIN
1.01 7.20 CI' . (A9 .()I 4z. 1.61 19.25 2V" ," .(7 .I0 )7.

1.01 7..0 ','; . .(W .01 40. 1.01 19.0 7"4 .12 .02 .00 90.
1.01 7.F. 91 .h, .0,  .0! 41. 1.01 19.9 , .CI2 . .0 49.
1.01 7.40 '" .( .19 .I 44. .d 19.4h ?9. .07 .02 .6? 44.
1.0! 7.4 i .(5T . . 5 .1 41. I.0! 19.4S -37 .07 .07 .0, 41.
1.01 7,.9 4 .0, ., .' 44, 1.0! 1..0 7 .7 .1.? .19 F4 ) 40.
1.6! 7.- 9 . 0 9'N. .f A 44. 1.0!1 1'. 7, .0? .07 .0 17.
1.l q.ff tin .. , .0,  .'1 49. 1 .0 '. 40 .Op .0" .i0 "9.
1.61 R.li 7 .OF. 7OS .01 41. 1.01 20.09 24! .N7 ,I .0.0 (1.
1.0! A.1W '9 .' . . 1 4,. I.l Y).1 242 .A" .02 ,N "'.
1.01 q.19 9 .. . , .! 45. 1.61 N! . I9 241 .i .0 .A, 7.
1.01 q. W) 1T .I.-, .(I ', .01 49. 1.01 N).7N 244 .4 2 .j;% .60 A.
1.0! 1.2 1 .1 . 1. .,. 1.i! 20.79 749 .A? .Ji .fi .,

.fit h-4, ,62 1 ll
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END-OF-PERIOD FLOW (Cont'd)

1.01 R.. %(t : .0.. I;l. .el 4., .0. I f. ;'. 4' .,' .

1.01l .9-9 lt.7 . .0.. .1',1 47. I. 01 , .,9' 291i .0?7 .02 .*0' 17.

1.01 . 1.00 "92 .0? .0? .(A, 17.
l .01 9.05- t7 . ., .*.O, .0i 4. 1.01l 21 .*. ,'. .(? .12 .,0 V?.

1.01 9.10 116 *. *.s, .o1 47. 1.01 21.10 ?.4 .o? .02 .*('i 17.
1.01 1.I1. it .0.' .0., .f, 4," 1.01 21.1r ll9 .0? .02 .ol 17.

I.Al *i. I1? ., .0.. 4'. 1.'1 ?1.N 2,J. .i7 .m2 .,01 I,".
. 1i .I '. .'? .0 47. 1. (1 21 . .27 .62 .02 .00 17.

1.0i 9.Inf 114 .1,. ..,. .b 1 47. 1.01 "1.1 ' : . *- . . (, 17.

1.01) 9*139 119 ,  .0.. .0.'. .*00' 4:* 1.01 ,". 299 .02l .*'02 .00~ Ii.
1.01 9. II.I. . .1, .cv ' 47. I.0I N1. 4; ?/. . . .0 17.

1.01 ''.% 117 .;, .0. .0 4?. 1.61 21.4 ,  -I . 2 ., .An 17.

.I 1 .% 114 .. . OA 1.1 21 .' 7% 6? .0. . k) 17.
1.01 1.39 119 h'. W. AA IRN 21. 2 .0 .6 ? .00 17.

1.0l 10.00 1['i .0?. .ixt .00i 4f. .01 22.00,  2/.4 .01? .02 .00' 17.
1.01 10'.09I 17;1 .f0, .0., .0] 4$. 1.01 22.09 2.5, .0? .02 .00' 17/.
1.A1 '1.10 I?? .. , .0. .On 4.Q . 1.61 22.10 2:, .02 .7 .M 17.
1.n01 IA. 1l I7 .-?. .41, ..%0 4. 1.01 22.1. 2.7 .0? .(1- .(,k7.
1.01 10.2" l?4 . .?. .f0i0 4R. 1.61 ",.125 ?;. .0? .02 .00 7.
1.0t 10..9 129, .,, .. '. .00 4. 1.01 22.21 ? .0? .0? .6,( 17.
1.01 19.10 12.7 ... .i .S .m, 4 1.I. l 21 .01 27 .01 .12 .4Ah 17.
I.0l 10.46 An 7 .I .0.. .I, 49. 1.01 '2.4t ."1& 2 0 .1)2 .00 17.
I.01 10.40 1 .L. W, 4'. 1.61 221.40 72 .0? .2 .t,1 n.
1.01 10.4] I ;' .-. .. '.. .3l .4'". !.,01 2.;9 2, .. .02 W 17.
L.0I 10.10 PI .I0. ,. .10 4. I.01 ()' 274 .07 . "2 .A ' 17.
1.11 I1.99 IN .,t .t. .(h1 4. I.! '12.76 279 .A? .A? .On 17.

1.01l 11.10 I."25 ... .0.'. .00] F. I.Th .5 27 . - .- I'1.1.01 I1.09 1, .I.', .n.S .00 49. 1.01 ?1.f 77 .0 .2 ,0 17.
1.61 11.1 17 .L, .ix. .1Y 49. 1.01 W2. 1 ,7 .02 .02 .00 17.

1.01 Ii. 1 139 .0. .0?,> .0.) 49l. 1.01 2". 19 2'7 .2 .,07 .,00 17.
1.01 I1.2 1'7 .0? .0.' .1 0 49. 1.0l 2A.I 2 21 .02 .07 .00 17.

1.01 11.41 I1l .i', .0.' .00 49. 1.1 2h.0 204 .02 .7? .00 17.

1.01 11.4s 14. .0., .h? .00 4. 1.01 ,I'.4 ' .?11 .t 2 .(1" 6 17.
1.01l II.46 141 .f0 .0,' .f 49. 1.61 ",1.4 2f .0 2 .021.70 17.

1I 111 1.5 14 .01 .0, .M 0 49. 1.01 ".1 27 .02 .0121 ."1 17.
1.01 11.99 14'6 .Il .0A .(k) 49. 1.01 , , 2" .0.I .In .7;00 17.

1.01 1. 0 14 al.. .449. 1.0" .7.

.2 !9.. 711' M 37M( 71..4M

IW,1F?7 (,? W . 4 l. 1".00

1 AIll It.$ 45 11 c 6) 4 . "(n . 4"1 ;-m v .)217

1i At.(- I1f I. .!'i 1,4 k . C% N7 17.l;
1.01 17.42) 144 4.0 1.020')1 0 7

-fl 141. 1I(. . I. 7 4.
?R. 14

M"'ll A.i II I . " . '' '

F I. 'Il -O,



D & .

LL LL -.

Z~~~~~* U-U " " -X e

* ~~~ I Lc c :lr I .

C, C.

<X 'L'
1%. c a Luj.C

LL C.'. -i C 
r

-t LL I LL

-~L C:-L *

ir:

:00

L rw

ci- X:-> :p- u.o 1

c P'L CC.W0 - -X . -
= L .f C: Xt-~ -

L,- : Lr L~~c U. C.


